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Abstract. Nine bean cultivars/lines (Phaseolus vulgaris L.) were grown in three soils/
rooting media at pH values of 7.9, 6.5, and 5.8 in greenhouse, growth chamber, and
field experiments to evaluate the leaf reaction of the plants to a Nebraska bean rust
[Uromyces appendiculatus (Pers.) Unger var. appendiculatus] isolate US85-NP-10-1.
Significant differences were observed for rust pustule diameter between cultivars/lines
grown in the three growth media. Plants grown in the medium at pH 5.8 showed
significantly larger rust pustule diameters than those of plants grown at pH 6.5 or 7.9.
A significant interaction occurred between growth medium and cultivars/lines for the
rust reaction. Concentrations of Cl and Mn in leaves were positively correlated with
rust pustule diameter. In contrast, concentration of K in leaves was negatively corre-
lated with rust pustule diameter. Plant breeders attempting to improve beans for rust
resistance must consider the growth medium pH in evaluating intensity and severity
of rust symptoms on leaves.
Even though plant disease response to host
plant nutrition in horticultural and field crops
has been reported (Forsyth, 1957; Gallegly
and Walter, 1949; Platero and Tejerina, 1976;
Walker, 1946), we found no reports on the
effects of host plant nutrition, growth me-
dium pH, and rust interaction in dry bean.
Very little information is available about the
effects of host nutrition on rust development,
although other aspects of the disease have
been studied thoroughly (Gersbeck and
Schonbeck, 1988). The objectives in this re-
search were to a) evaluate the effects of growth
medium pH on rust development, and b) de-
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termine the relationship between the rust re-
action of the plants and the nutrient
concentrations of the leaf tissue.
Eight cultivars/lines of dry beans with
known differences in reaction to one Ne-
braska isolate (US85-NP-10-1) of the bean
rust pathogen were grown in three media in
the greenhouse (Expt. I) and in the growth
chamber (Expts. II and III). Medium 1 was
Tripp sandy clay loam soil (coarse-silty,
mixed, mesic Aridic Haplustolls) from the
North Platte Research and Extension Center,
Univ. of Nebraska, North Platte, with pH
7.9, 1.1% organic matter, 8.9 ppm P, 291
ppm K, 2.7 ppm NO3, 0.5 ppm NH4, 10.4
cmol Ca, 3.5 cmol Mg, 0.9 cmol K, and 0.8
cmol Na/kg of soil. Medium 2 was Sharps-
burg silty clay loam (fine, montmorillonitic,
mesic Typic Arguidolls) from the Dept. of
Horticulture experimental garden, Univ. of
Nebraska, Lincoln, with pH 6.5, 2.9% or-
ganic matter, 12.2 ppm P, 269 ppm K, 1.9
ppm NO3, 0.6 ppm NH4, 15.8 cmol Ca, 5.5
cmol Mg, 0.9 cmol K, and 0.6 cmol Na/kg
of soil. Medium 3 was a potting mixture
consisting of equal volumes of sand, soil
(Sharpsburg silty clay loam), vermiculite, and
peat moss, with pH 5.8, 2.7% organic mat-
ter, 5.8 ppm P, 157 ppm K, 0.5 ppm NO3,
0.5 ppm NH4, 5.3 cmol Ca, 2.8 cmol Mg,
0.4 cmol K, and 0.5 cmol Na/kg of soil.
A randomized complete-block design with
a 3 × 8 factorial arrangement of growing
media and cultivars/lines with four replica-
tions for Expts. I, II, and III was used. The
abaxial surfaces of fully unfolded primary
leaves of bean seedlings of the same age were
inoculated with a water suspension of ure-
diniospores 105 spores/ml 7 to 12 days after
seeding, by use of a modified crown sprayer
(Fisher Scientific, Pittsburgh, Pa.). Leaves
were sprayed, without wounding, until com-
pletely wet. After inoculation, plants were
held in high humidity by covering them with
clear plastic for 18 h (overnight). Rust pus-
tule diameter in micrometers was measured
by use of 6 × edscorp pocket comparator
(Edmund Scientific, Barrington, N.J.) 14 days
after inoculation.
Plants were grown in 15-cm (1.5-liter)
plastic pots (two plants per pot) using the
three growing media in all experiments. The
air was » 25C (14-h day) and 22C (10-h night)
in Expt. I and 27C (14-h day) and 20C (10-
h night) in Expts. II and III. In the growth
chamber experiments, the photosynthetic
photon flux was 340 µmol·s-1·m-2 at plant
height (110 cm below the light source). Lamps
used to provide light were high-pressure so-
dium (General Electric, Lucalux, LU 4008)
and metal halide (General Electric, Multi-
vapor, MV 400).
The eight cultivars/lines used were: Great
Northern (GN) Belneb #1 and GN WM1-
85-43 (race-specific resistance to rust); ‘PC-
50’ and ‘Jamaica Red’ (race-specific and race-
nonspecific resistance to rust); Pinto ‘UI-114’
and ‘US-3’ (highly susceptible to rust); and
GN ‘Harris’ and GN ‘Tara’ (susceptible to
rust).
Nine cultivars/lines of dry beans were
grown in the field (Expts. IV and V) in spe-
cially designed wooden boxes (107 × 32 ×
30 cm) in the media described. In addition
to the eight lines used in the growth chamber
studies, PI 165078, a line susceptible to Fe
deficiency chlorosis (Zaiter et al., 1986), was
included. A split-plot arrangement of treat-
ments with soil medium as whole-plot and
cultivars/lines as subplots was used with five
replications in Expt. IV and four replications
in Expt. V.
Rust pustule diameter in micrometers was
recorded 14 days after inoculation, as de-
scribed. The abaxial surfaces of fully un-
folded first trifoliates of bean seedlings of
the same age (14 to 16 days after seeding)
were inoculated. Seeds sown in potting mix
medium germinated 2 days earlier than in the
Tripp or Sharpsburg soils.
Entire leaves were collected from plants
at the early bloom stage in Expt. V for de-
termination of nutrients. The trifoliate or sin-
gle leaf from the top of each plant was
sampled, dried at 60C for 48 h, weighed,
ground to pass a 0.5-cm screen, and ana-
lyzed for Mg, Al, Si, P, Cl, K, Ca, Mn, Fe,
Cu, and Zn by energy dispersive X-ray flu-
orescence (Knudsen et al., 1981).
A separate analysis of variance (ANOVA)
was conducted for each of the five experi-
ments. Appropriate LSD0.05 values were cal-
culated to make specific treatment
comparisons in Expts. IV and V as described
by Steel and Torrie (1960) (Table 1). Cul-
tivars and breeding lines that expressed an
immune reaction (rating = 0) (Belneb #1,
‘PC-50’, and WM1-85-42) were excluded
from the ANOVA because the data were dis-
crete.
Dry bean cultivars/lines differed markedly
in all experiments in susceptibility to rust in
response to soil medium pH (Table 1). Sev-
eral cultivars/lines grown at pH 5.8 (potting
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mix) showed significantly larger rust pustule
diameters than plants grown on the soils at
pH 6.5 or 7.9. The highest mean pustule
diameter on leaves was 950 µm on ‘US-3’
plants grown on the low pH medium. GN
Belneb #1 (immune except in Expt. V on
high and intermediate pH medium where
pustule diameter was <300 µm) was the most
resistant entry and ‘US-3’ (pustule diameter
means ranged from 400 to 950 µm over all
experiments) was the most susceptible entry
over all experiments. Growing media × cul-
tivars/lines interactions were detected (F value
significant at P < 0.01). GN ‘Harris’, ‘Ja-
maica Red’, ‘PC-50’, GN ‘Tara’, and Pinto
‘UI-114’ were more susceptible (larger rust
pustule diameter) when grown in the low pH
medium than in the high pH medium, but no
differences in pustule diameter were noted
for PI 165078 on these two media. ‘Jamaica
Red’ and ‘PC-50’, either produced an im-
mune reaction (rating = 0) or small pustules
(flecking with no sporulation in pustule £ 300
µm) when grown on the high pH medium
while sporulating pustules >300 µm (except
in two instances) were produced in all ex-
periments on the other two media. WM1-85-
43 showed an immune reaction (rating = 0)
in three out of five experiments on the high
pH medium but in only one out of five ex-
periments in the low pH medium. Pustule
diameters £300 µm occurred on leaves of
WM1-85-43 in all other experiments on all
media except in the case of Expt. V at pH
5.8 and 6.5 (> 300 µm). Moderately high
positive correlations were noted between the
pustule diameter on plants grown in the two
growth chamber experiments (II and III) and
in the two field experiments (IV and V), in-
dicating good agreement of the data over ex-
periments (Table 1).
Higher concentrations of Cl and Mn were
noted in leaves of plants grown at pH 5.8
than in plants grown at 7.9 or 6.5 (Table 2).
In contrast, K concentration in leaves on plants
grown in the low pH medium was about half
that found in plants grown at high or inter-
mediate pH. Concentrations of the above nu-
trients were usually similar in resistant and
susceptible cultivars/lines (Table 2). Con-
centrations of Cl and Mn in leaves were pos-
itively correlated with rust pustule diameter.
In contrast, concentration of K in leaves was
negatively correlated with rust pustule di-
ameter (Table 2). Concentrations of Mg, Al,
Si, P, Ca, Fe, Zn, and Cu in leaves were not
correlated with pustule diameter (correla-
tions not shown).
The degree of rust infection on dry beans
was influenced by pH and genotype. Be-
cause of the interactions of rust development
on cuhivars/lines grown on different growth
media, plant breeders and plant pathologists
now need to take this into consideration in
evaluating and reporting on the degree of
resistance and susceptibility of bean germ-
plasm. Differences in pH of media may be
primarily involved, but this was not proved
in these experiments since the media also
varied in other properties. Further experi-
ments need to be conducted under controlled
pH, nutrient, and environmental conditions
to determine the influence of pH, each nu-
trient, and nutrient interactions on rust de-
velopment in beans.
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